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Highlights 
 Hyallela azteca indescriminately ingest tire wear particles (TWP).  
 TWP and tire leachate acute exposure have distinct profiles. 




Ecotoxicological studies relating to tire wear particles (TWP) have focussed, up until very 
recently, almost entirely on the released leachate. Little is known about the toxicology effects 
of TWP dispersed in freshwater. In the present small-scale study we exposed Hyallela azteca 
to TWP dispersed in water with the aim of (i) determining the potential acute and chronic 
impacts of TWP exposure (ii) challenging the prevailing idea that tire leachate is the primary 
causative agent of tire-related toxicity. H. azteca were shown to indescriminately ingest TWP 
with a gut retention time of 24-48 h. Acute (48 h) TWP exposure followed an expected 
concentration-response curve from which an LC50 of 3426±172 particles mL
-1 was 













pattern and therefore an LC50 was not derivable. However, toxicity profiles of TWP and 
leachate appeared to be sufficiently different as to suggest a dissimilar mechanism of toxicity. 
Mortality, reproductive output (neonate production) and net growth were all significantly 
impacted at the higher exposure concentrations (500-2000 particles mL-1) following 21 days 
exposure. Our study demonstrates that TWP exposure elicits short-term and longer-term 
toxicity on a key freshwater organism. 
 
Keywords: TWP (tire wear particles), tread particles, tire rubber, microrubber, tire leachate; 
freshwater 
 
A recent IUCN (International Union for the Conservation of Nature) report suggested that tire 
wear particles (TWP) contribute a significant proportion of the ocean’s microplastics 
(Boucher and Friot, 2017). Further study into tire emissions calculated the global 
environmental release of rubber from road vehicles as being close to 6 million tonnes per 
year equivalent to 0.81 kg per person per year (Kole et al., 2017).  Although environmental 
release into the aquatic environment has been established, the potential ecotoxicological 
impact of TWP remains largely unknown, but has been recognised as an information gap that 
needs to be urgently addressed in order understand the risk related to TWP (Wagner et al., 
2018) 
 
Early research into the potential toxicity of tires was conducted by immersing whole tires into 
water and then exposing aquatic organisms to the leached chemicals (Day, 1993). Although 
this was not the first study on tire-related toxicity, it confirmed the thinking that the toxicity 
of tire rubber is attributed solely to the leachate which was subsequently made the only topic 













et al., 2009; Turner and Rice, 2010; Marwood et al., 2011). Tire leachate has been shown to 
contain a suite of toxic substances predominantly trace metals, polycyclic aromatic 
hydrocarbons and assorted volatile organics used in vulcanization and as antioxidants which 
are released into the aqueous environment (Marwood et al., 2011). However, to ascribe the 
toxicity of the tire solely to the leachate negates any potential role of the rubber particle itself.  
 
In light of the “microplastic vector effect” which describes how plastic particles can transport 
sorbed toxicants into organisms (Syberg et al., 2015), some studies have started to emerge 
describing the direct impacts of TWP. The exposure of freshwater benthic invertebrates to 
TWP showed overall negligible effects on the tested species (Panko et al., 2013; Redondo-
Hasselerharm et al., 2018), but these studies were conducted in sediments. The choice of this 
matrix is understandable given that sediments act as a sink for TWP (Wagner et al., 2018), 
but this does not take into account the transit from road surface through the water column and 
the likelihood of encountering aquatic biota. Thus, in the present small-scale study we 
exposed Hyallela azteca, an established freshwater model organism, to water dispersed TWP 
with the aim of (i) determining the potential acute and chronic impacts of TWP exposure (ii) 
challenging the prevailing idea that tire leachate is the primary causative agent of tire-related 
toxicity. 
 
In this study, TWP was produced from a road worn tire (Continental Premium Contact 5 
50175/65 R14 82, approx. 10000 km under Danish driving conditions) by grinding the tire 
surface against a course grind stone (size: 200 mm x 25 mm) rotating at 4000 rpm. Tire 
rubber was dry sieved through a 500 μm metal sieve prior to use in experiments. Thus we 
consider this TWP to be laboratory produced by surface abrasion rather than road-wear 













Kreider et al., 2010). To accurately add TWP to the exposures, particles were dispersed in 
water at a concentration of 0.1 g mL-1 with use of a surfactant (0. 1% TWEEN80, Cospheric 
LLC) and then a ratio of TWP weight to particle number was determined by counting the 
number of particles in a set volume of dispersion (Khan et al., 2015). A weight of 0.29 g was 
equivalent to 1.0 x 106 particles. In all exposures, TWP was sieved through a 1µm nylon 
mesh and thoroughly rinsed in deionised water before dispersion in freshwater media 
ensuring that the surfactant was not carried into the exposure (Khan et al., 2015). H. Azteca 
were from an established laboratory culture and maintained in artificial freshwater medium at 
25℃ with a 16:8 light:dark photoperiod. H. azteca were fed with rabbit chow (Chrisco, Køge, 
Denmark) twice a week (Pedersen et al., 2013).  
 
To determine whether H. azteca ingested TWP, individuals were fed ad libitum for 1 day and 
then depurated for 2 days in clean medium. The transit of TWP through digestive tract was 
photographed with a camera mounted on a stereomicroscope. Acute toxicity tests (48 h 
mortality) were conducted with 7-9 day old juvenile H. azteca exposed to TWP dispersion or 
the corresponding leachate (i.e. released chemicals but no particles present). Acute exposures 
were conducted in ‘Daphnia magna multi-well plates’ (Daphtox kit, MicroBioTests Inc., 
Belgium) with each well an exposure containing 10 mL of exposure solution and 5 
individuals. Each concentration was performed on 1 row (4 wells) of the Daphtox plates and 
averaged, and then performed on 3 separate plates (i.e. n=3). TWP tests were prepared by 
dispersing the calculated particle weight in 50 mL medium (i.e. one solution per plate). 
Leachate experiments were made by first dispersing particles in medium for a period of 48 h 
at 25℃ and then by filtering the particles from solution using a 1 µM mesh. The collected 
leachate was used in the exposures. It is worth noting that studies involving tire leachate 













leaching from the tire rubber (Wagner et al., 2018). By not using these methods our leachate 
likely better reflects the release of chemicals from TWP in an environmentally relevant 
scenario. The concentration range for TWP exposures was 0-15000 particles mL-1 and 
leachate exposure range was corresponded to the leached chemicals from 0-125000 particles 
mL-1.  
 
Long-term tests were performed with TWP only and were conducted as 21 static renewal 
tests with 21-23 d old H. azteca with mortality, reproduction and growth as the determined 
endpoints. The exposure range for the chronic exposure was 0-2000 particles mL-1. 
Exposures to determine mortality and reproduction were performed in 250 mL beakers each 
containing 150 mL medium and 10 organisms (n=5). Growth was assessed in concurrent 
exposures containing only 1 individual thus allowing the growth of that individual to be 
monitored (n=10). In all chronic exposures the medium was renewed once a week, at which 
time feeding and counting offspring was completed. Post exposure stereomicroscope pictures 
were taken weekly of the individually exposed H. azteca to determine growth.  
 
H. azteca were shown to indescriminately ingest TWP with a gut retention time of 24-48 h. 
(Figure 1). Starting at 1 h TWP is seen clearly at the top of GI tract. By 24 h the majority of 
the GI tract is filled with rubber particles. Following depuration in clean water, TWP was not 
visible  in the gastrointestinal tract after 48 h, suggesting a gut residence time of between 24 
and 48. The acute toxicities of the TWP and leachate are found in Figure 2. TWP exposures 
fit an expected concentration-response curve from which an LC50 3426±172 particles mL
-1 
(equivalent to approximately 1 mg mL-1 or 1 g L-1) could be derived (Figure 2). Conversely, 
leachate toxicity did not conform to a sigmoidal concentration-response pattern and therefore 













TWP is distinct from that of its leached chemicals. At low concentrations leachate appears 
more toxic, but at higher concentrations the particle appears to exert great toxic effect. 
Although such results require verification it could suggest an important role for the particle in 
delivery of chemicals into the organisms upon ingestion rather than leaching them into the 
ambient environment. If this were the case, then the concentration of chemicals leached in 
vivo would be greater than the leachate concentration ex vivo; the rubber particle, in effect, 
acting as a ‘Trojan Horse’.  Conversely it could also suggest a physical impact of TWP in the 
GI tract following ingestion. Therefore the mechanism of toxicity requires further 
elucidation, as does understanding the digestive physiology of the test organism, particularly 
in relation to gut retention time, which is likely to play an important role in determining 
adverse effects. 
 
Mortality, reproductive output (neonate production) and net growth were all significantly 
impacted at the higher exposure concentrations following 21 day exposure (Figure 3).  After 
21 d exposure to 2000 particle mL-1 (0.58 g L-1) 92.5±6.9 % of the H. azteca died. Neonate 
production was reduced from an average of 18.9±5.3 offspring per beaker in control 
exposures (i.e. no added TWP) to 2.4±4.3 offspring per beaker at an exposure concentration 
of 1000 particle mL-1 (0.29 g L-1) (p<0.05 One-way ANOVA with post hoc Tukey’s HSD). 
Effects on H. azteca growth were found at a concentration of 500 particles mL-1 (0.145 g L-1) 
with net growth over the exposure period reducing from 18.0±5.4 % in control treatments to 
6.7±2.5% (p<0.05 One-way ANOVA with post hoc Tukey’s HSD). Long-term studies were 
not designed to delineate leachate effects from particle effects and thus it is not possible to 
determine which fraction of the TWP is responsible for the reduction in fitness measures. 
However, the three chosen endpoints are vital to population health and therefore population 














The lack of ecotoxicological data regarding the TWP has been identified as a key knowledge 
gap in assessing potential risk. Moreover, the direct impacts of TWP and effects in aquatic 
environments rather than sediment matrices have been specifically highlighted (Wagner et 
al., 2018). It is likely that the highest TWP concentrations used in our study exceed 
environmental realism, however our study provides primary evidence that acute toxicity 
related to TWP does not only originate from the leachate and that the particle itself can cause 
adverse effects. Overall, our study demonstrates that TWP exposure elicits short-term and 
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Figure 1. Time series of Hyalella azteca ingesting TWP over 24 h followed by 48 h 
depuration (dep). All scale bars show 1 mm. The stereomicroscope images show H. azteca 
indiscriminately ingest the tire rubber and retain it within the gastrointestinal tract for at least 
1-2 days post-exposure.  
 
 
Figure 2. Acute toxicity (48h) of TWP and leachate to juvenile H. azteca. Data shows mean 
values of % mortality (n=3) ± standard deviation.  The data describes the acute toxicity of the 













The particulate LC50 was 3426±172 particles mL
-1, but the LC50 of the leachate exposure 
could not be determined as the data did not fit a sigmoidal concentration-response pattern.  
 
 
Figure 3. Chronic (21 day) exposure of H. azteca to TWP. Mortality (A), reproductive output 
(neonate production, B) and net growth (C) were significantly impacted at the higher 
exposure concentrations. Data shows mean values ± standard deviation. Significant 
difference from the control is denoted by asterisks (p<0.05, one-way ANOVA with post-hoc 
Tukey test).  
 AC
CE
PT
ED
 M
AN
US
CR
IP
T
